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(54) VAPOR DEPOSITION METHOD AND SYSTEM 

(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a vapor deposition method and a 
system therefor by which, in the case of a substrate provided with a 
hole having a high aspect ratio, a tungsten metallic layer can sufficiently 
be buried in the hole. 

SOLUTION: A tungsten metallic layer is deposited on a semiconductor 
wafer. Prior to a tungsten deposition process (step SI 06), a nuclei 
formation process (SI 03) performed by feeding gaseous WF6 and 
gaseous SiH4 is divided into two stages. A first nuclei formation layer is 
deposited by a first gaseous mixture having a high flow rate ratio of 
gaseous SiH4 (SI 04). After that, the deposition of a second nuclei 
formation layer by a second gaseous mixture (SI 05) and the deposition 
of a tungsten layer by a third gas (SI 06) are successively performed. In 
this way. the tungsten metallic layer can sufficiently be hurried in the 
hole of a wafer. 
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^^y<2fh\c?mi-^WFe:ff:^RXfS i FU:ff^i:AT^ 

[0050] El-las i^vtzmm^mmRzfnB 

mWrmcJ:^, ^'ni^N5(Df7' (Via) ^<C<5fO*:— /U 
-«.(O^>-:/;^7"i^i&»^C0ll«6ii^ ^ia Fill) {d-OV^ 
T. l2!4^fflV^T^0^-r?)„ Ill4(i. r>3i^N(c:^)^$3x 

[005 1] El 4 iZJrrtmi'tS\, ^T(4. ^ 
SS*±^^-a:S>c=f^i: y => i/riz 5 (4. y 
3 V^— ;^ 5 O . y =1 >'-<-7^ 5 0 ±\z.m^^i%rc 

mitiyV ='>:A^(b^j:^mm5 1 t^m\^xm$.^in.x 

5iiijm.^ivX\^^^o 

[0 0 5 2] ^^5 l±R-a^—/l-5 5(Dpm±\^ 

f4. ^rm (.^<VTm) 52mm^nx\,^^. ^c^yp 

mm 5 2 f4. 1 S^fcfiMWlcOT i g/T i NS?ie if- 

?I^^6 1. :l|2;^^;55tg6 2. &tJ«<?' V-^/xx V® 6 

[0 0 5 3] -rjfet>^. mit^?iMXSSt>^2»,g 
XSlCioT. Ill4lc^rrt-<t9(-. WBlii5 2±(;i^l 

mmm& iR.xim2mmm6 2t^h^j:^^>-y:^y' 

v^;^7^>-±MrDSlc:J;oT. mmMQl. 6 2± 
ic. iS'Xi/^xvMe 3^)s*f^$^^-c. 
«S6;5^^$tu5c 
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[0 0 5 4] r<^t^. ^V^;^7">'^|Wi6d5*— /l- 

-y^:^7-^y-fyif (W-Plug) t'^im.^^^^ JbIB 
S i H4;«/;^(7>M»fct^'^;?:r2©pg 

[0055] r ;*:^0^tC j; 5^1=ii<^^SS.tJ^^ 
mm:)m^i:^9i^-^:^'r>'^mM(om>yI<?i^^ 10 

i3V>T;S:i:^5)ifiae)iii^^ OV-Missing) tcov^T. HI 
5^fflV^T^|^-r5» 

[0 0 5 6] rnxJit, M.O-CY'Dmf£^\Z.i.'oXmS. 
^ixfcT i NS^rW^WS 2(:i-^'>^^^5^i[||Srr5 
4^F^5 2<7?T i Ngj&^ibT'^ (Out-Gas) 

^^L-rn5M5S:^<^*-/t-5 5l^--<7)itirCii. 0 
5 (a) *:"/'V5 5C0F'^^^P)^Lfc 

f) iTs v'^!7— ^s/ K4;5^f)^'^/^5_h--^r#fcJ^^tb 
tz}N¥e'^:^mfS i H4;if^cD*:— /V-S 5rt$i5-^aA 

/PS 5cor;^'<i^ hit /u-gg^//)^— /iSift< 
mf-S i H4;«f;^;SS3^— /i-s 5rtroT:*^*-C5fe5}-l- 

[0057] WF6;y';^i:S i H4;y.xi:fi, 

r>^/^5«ffi (_hffi) -h. •*/cfi^73l/^5*ffi^Ci^V^*; 30 

—/I- 5 5 rto±:*^p^><z>fiimJi/^ if'T'Ki^; LT. m t> 

[0058] 5 jfe1«5yiJilc^ v^;^^^^®^ 
05 (b) lc:^<t5f-. /ws 5rt(^T:*^ 

(Void) 5 6^:fei:.Tb*V\ /PS 5 (C>y-t"5 
^>-i/><.7^V:^JSg (Dm^^ 40 

^S;i^;t-r-5o tf'PBW 5 2 coT i NJi±-M;o+^ 

[0 0 5 9] r;^-<i? ^tl:/JSi^^/^7^:— 
— /^S^)vJ^$ V ^fcfe. ^ y^':^'r>'^mM 6 coagti3a 

[0 0 6 0] ^^XfCjy-bX. A^XJtm&m^^n 50 
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^tt^'*5^^-t^l, <5'>'j/X7-:^llxm (vf) 

'^xm>in^mmj:m^2Wimc^^iirx. s i Ht;^/ 

^?F^)5)c (Nuc 1) ^n-otzmi^. m2(Dm^:>t^{cx 
^m2mm (Nuc 2) ^rfo^tti.x\^>^. 

[0061] 9 Si H4;^-X(75?5tElit^5|ftV > 

-/U5 5 ^(DTM^T^^X^-^icm 1 
tb-5J;5)(c:-r5::i:;65pX|gX'fc-5o ^L-T. /U5 5 

(D(>mh\cmimmMe lm^^itAJ}m^3^hxv^ 

^:(7:)Ml»?!cg6 l;i5^5r<tlcj;oT. 

[0 0 6 2] Lfc755o-t. ;^lni-S i H4:if:^<DmM)t 
t^^^ 1 ^fflV >-C. 5 5 rtcOfftJiiJi 

{c:T^3>lc^5*T-^5^lc||l;^ia!g@6 lSr±t^b 
fcft. S i H4tb5Stei/^||2 0JS^;«f;^|ciJ;5^2tM^ 

6 3(D^^mMT0^tiZ.XoX. T^'<^hitA^m 

V^7)^— /W5 5;05^^tb^^fc•^'^/^5^'>P^■bTt^ 

5 5rtcO^Wc^^c^>-i/;^7^>«*ili*3Z^tf^i:^5 

[0063] *fc. ^ >-:^»i<7?it?S(Ci3V ^ 

T i 8/T i Nji/4^ib/.e5)4^PHlS5 2fj:t^-^(D. W 
F6l-^*tt5:7.;/^ (F) CDT^S^-y^^-i/ (F-Attacki 
ng) mf*. W.gJi5 2-^ 

FT^J' .y^V^^fCiST i Fc7>?iM(4, /W5 5(DJ^ 

m^imm^t^tc^mi^. »m (peeiing) ^Ai±i« (v 
oicano) ti:iftm^-t?)mmtf£^. 

[0064] rtvtC^fUT. JzlEcOi 9 (CIS i H^,^':^ 
(DmrntA^^y/ 1 <^M-^;#~;^ (c i o ^1 l^ff^^ 

6 1 ^tt L-xidm-i. m i mmm e 

1 (DimM^^i^Ci. WF6;^'^C>»ffi4it;e5/jN$V^fcfeFT 
^ Xi?';^x >•» 6 3 COti^#iCfl, ^ 1 6 1*^ 

F ■y^>i^icm-^y< vrmt L-xwmt^. 

5 2^fc(*->y ;^5 O. *^S5 iTfeiT'-^F 

[0 0 6 5] ::::t\ Hit^j^gM-^attsUKT^JS 

•g-;itf;==.-t'(7>WF6;tf^S.O^S i H4::*^^<'^-5SEfitl:xi : yi 
1/1^x1/71^4/3 

*bV\ ^7t. l|2tMMlSlC*3H-S^2(75?B-^;y> 
-CroWF6^:=^ao«S i H4^:7^(0?JtcStl:x2 : vat-o''^ 

3/15x2/y2S4/l 
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[0066] m 2 tC^Lfc«*Bft?t:fe1*lc:*5V ^T 

tt. 1^?]MliS.t>'c5'>^^';^x>^g<75t^fSirt'. s iH4 
fc s i *«*&f 5 i: LXfcftJi. mmm 10 

[0 0 6 71 i<75i:#. ^fHi«B^^;5f;^<0;?f^E;bpo 

^10kPaJ^_h (75To r rRJi) i:-r?)ri;4W 

<;r^|Cj:i9, ^Jx«4kPa (3 OT o r r) (^>a^ 

[0068] ^:mj--z.^m^mwsciym^t)fm(r> 

tfT€r*-t-5i:i:t{c. WsT^i: LT)^5 oAx 2® 

>-&«g*±mt-5*^i*i: Lfco CVDiSaii: 
LTJi. Applied Materials tt$^. (SNTURA (S^feffi 
Main Frame. WxZ+ ^-\r>'^^$r'<— ^.t bfcCVD 

[0 0 6 9] ^■JMx<nih\mm. (Rgfl^as) fcovNT 30 

^l^?ia$3:m-W;»#P^ ti^5 s e ||2 
^iMlS-CcojSa^fl taSr 1 O s e cSSi: L-fc, 

:^(^:3tf;^E:'35rpo=l 2 kPa OOTorr) i:U 

[0070] #Xm-e(OA r ■)}7.mSi\2)i^<^ 40 

2 8 0 0c m^/m i n. H2;<f;^C0?Sfcl:= 1000cm 

(b) t;i^J;5f-. t:-TrtcD±::^5>05f»b(;i*S?S 
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( (bi+bz) / (ai+az) ) XlOO (%) 

[0 0 7 2] ^.(nb^. t-Trtc7>±;^5>d^ibT:^5> 
ST-^S— (C±t^$tufca^(c, bi+b2=ai+a2:i^e> 

[0073] ^-f ^ tM^^^^m 1 mmam. (n u 

c 1) JlD«^2^MnjS (Nuc2) <02|g|5^i:-rS 
[0 0 7 4] Bieti. HJii^ijA 1 ~A4T-(0-t>-'f' K;^;/^ 

\yy'j\z.^\,^x\iiMt^yyyx'^^. :Lf\.h(nw&m 

Al~A4Ti4. V^-r^^t, /V^$d = 0. 8 0 it 

m, *— /U@(/) = 0. 25;imT\ r:55.^^ f^ttS. 2 

CO k-T^^-f ^ ^7 ^/N^^^' ^-ify^T- >'^MMm%<Dn^ 
<bU ^^3MtJ«^Vi>'^x>*^n^ (VF) <D 

J4. m 1 mimimBixm 2 mjmjMxit p 1 - p 2= 

4kPa OOTorr) . V^X7">*^rmT'tt 

P3=12kPa OOTorr) tL-tc. 

[0075] :zinhff:>mkmA i ~A4 <7> 5 m&m 

AlS.t/A2Ti±. ||2^i^imSrx2=6 0cm3/' 
m i n. 72= 2 0c m^/'m i n <7);tf X^SlTs Sfc. 
^^'r/^^T'V^tmS^xa^ 1 5 0 cm3/m i n(Dytf 

^mMxfrox^^^^o *fc. mimMJMic^\'^x 

USS^^ijAl-eH. xi=3 0 cm^^/m i n. yi = 

3 0 cm^/m i n<7);^^^ic4'CtToTV ^5<, — H 

mmA2Xix w,immim.^myr. w,2mimjL 

•So 

[0 0 7 6] &±.(D^mcX':^X!^^ivfz^l^^:^'r 

^-^msco-^-f < ^ y v^^tterrs ^2 mm 

JM(D^^n<it:M&mA2X(D'>f-^ K*^^Us'i^8 4 

%(c*j-bT. ^iRtjm2mmTm^rt'otcmmiA 

lT'<D•t^■Y K;t'^^u-y>^{i8 9%i:, ih-f V^^<u-ytf 

[0 0 7 7] Sfcs lllifem3S:O^A4T'f4, ^2;^ 
^Z5fl-C"0;tf>.g£a:Sr X2= 2 O c m^/m in. yz= 
7 c mVm i nimx.X. mM^iA 1 2^t>*A 2 

ig 2mi^xm(o?:f-^n-ofcm&mA a t-coi^-y k;^^-< 
u 2/ v= 8 4 %\z.n L-r . ^ 1 xt>B 2 mmiJM^n-o 

tc^MASX^-f K*^<Ws/i^f41 0 0%i:. 1^ 

[0078] ^(DX 0 K;*^^W> v^fT^efe^b* 

f4. t;^'<^ Mt(^i^v>3M— /HCjy-L-C. ^^tc^i: 
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Jfc^o m7iX '^<r>X 5 ^J:^mB 1 ~B 4 T'Oi^-l' K 
JS0ijB l~B4t?«U V>-faxt., /l'SII$d = 0. 8 

^'JA 1 ~ A 4 i; i^flre*>5, 

[0079] M)^\B 1 S.l>'B 2 T-fOI^-f K;^/^<U- j/ v= 
trJ4^5i:. m2^fign:m(^;^;LtrfTofcieiifi?ijB2 10 

T'CO-y-'i' K;*'-'^U'?'vyt5^ 2 0%i:;a^/^9'[g:<'^eo-CV^ 
Sco(c>5j-bT. ^l^tJ^M2tM^fi)a:S^^TojtMg^J 

[0 0 8 0] ^/c, m2mmjMX'(D:ify^m&^mx. 

fcHJS^JB 3 Sr/B 4 T'<751J--Y K;«7^ ^ W v^SrtfctSrT 5 
.l^, ^2;^l^^felS(^;^^fi^ofc3»i|B4-W>f--r K 

T. ^ 1 s.t>^ 2mmj^^^n':>fcmimm 3 -cco-y- 
[0081] mc. mimmam. (nu c d fcfcit 

mi n) ^roV^T^^ftt■5o 
[ 0 0 8 2 ] 111 8 fi. Si H4;yx(;5;itf>ijfcft*^^xfc 

fi. X 1= 2 0 c ra^/m. i n-e— LTV 

I^S:t/^^T'2o(;>i/y7^:T^L-Cfc-5^\ CJi.^ 

fi. W^iii>i^^'P—^yh'4. mi^m ^fflV^T. *i 30 

[0 0 8 3] ri^b<7>^7 7it9. s i H4;y;^60;y>' 
gmd5yi=2 O cmVm i nSre;tT. ^4tbxi : 

yi;4Sl/l>xi/yit/£5i:. »5gg»^«^5;*c 

tvfco r«oj;5''.ci/l>xi/yi60^4^i, ^ 

^jS^-^^^SJ^^Oi^ .1; 5o LfcTiSoT. ^ 1 

^l/l^xi/yiSrmfe-r^t;6W*LV\ 40 
[0084] — S i ¥U^^<^^^^^W/P\^X X 1 

vi:A^:k^ < f£^(Dx. m 1 mmm^mcmmt^ c: i: 

hWiw z.(0¥r9 y^^y^<D>^^mm^mvx\t. 

^i|:xi/yig4/3&Slfc-r^i:>SW*U\ 

[0085] i . Hi mmiMizion^^ i 

yitCOVNTJi. ^ 50 
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l/l^Xi/'yig4/'3 

S-m-r (xi : yi=l : 1-4 : 3) ^ir^W^U 
m^'fe^it^cOHlt^l^ScJl^iia^^tS^iriiS-t? 

[00 8 6] 2>clc. ^immJM (Nuc 1) t;i*3{t 
^^:^mt}Pi (kPa) (-oV>-C1^tt-5„ 
[0087] El 9 (i, USSI^'JC 1 ~C 4 X(D-^4 hy3^< 

C 1 ~C 4 T'fi. V ^-r Jx'Jj. /js— /V^$ d = 0 . 8 0m 
m, /l'^(i> = 0. 2 3 /iniT-. r;=^'<^' hJtS. 5 

irU Hl»3ia:S(^^5r^fofc„ *fc. ;tf>^g£ft{c 
oV^Tfi. |tte#iJC l~C3-C(4xi=yi=3 0 cm3 
/min. ie5S0iJC4T:-fixi=yi=2 5 cm^/m i 

[0088] :!:tt!b(^IIS6^?iJc i ~c 4 -ctt. H i m^- 

f^lMX(D;if^&^ p 1 ^m±X. m 1 ^M^R5i)i<75*KI 
S-ffo-CV'>5o -rTfefc>*>x IBife^JClT-(4pi=0. 6 
7kPa (5To r r) , l^te<?']C2T-{4pi=2 kP 
a (1 5To r r) , ||SS^?!iC3-C'ttpi=4kP a 
(30Tor r) , 3e!ifeCajC4-Cf4pi= 1 2 k P a 

(9 0To r r) <o-ft:KSj3X\ mmmjM^no 

[0089] Rh(;>#y4=tC J; o -ti5!<«$ tT/fc^ >-^^;?^7^ 
1= 4 k P a X(D^&mC 3t^4 2%tfttf-'l' K;&^'< 

i^s/v?;05;»c^v\ ^fc. ■?:ixJ;0>b;«^^iE;^;avjs$v^p 

1=0. 6 7kPa, 2 k P a T-<7>ll*fe0<JCl . C 2T- 
ixTV^So — :*r. ;y;^E;/3^S::^#v^Pi=l 2kPa-e 

[0090] Rh(0|l*S<?iJ<0-7='— ^S'J^tm'OT^— ^''fe^" 
iS^ib. HI mmT.m:im-f^m l <7)?li^;y';^cO;;y-:^lEE 
SkPaOT (6 0Torr£AT) Tfc5ri:75S 
^f^L.<. ^('. {$(£4kPa i:-r5it;aW*U\ 

[00 9 1] ifktC, H2M3itia (Nuc 2) (C*3{t 
5WF6;t''^S.T>*S i H4;^^c7)amx2. y2 (cmV 

m i n) ^rov^•t^tBtr5„ 

[0 0 9 2] 01 Ofi. ^<^ilD 1~D 3X(D'\}-^ K;*? 

^jDl~D3-efi. /l'gg$d = 0. 8 0 

jum. *— /L'S<t = 0. 1 7 umX\ T:^-<^ 1-0:4. 
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Rum2mmj:Mtiiicpi=P2^4]!iP a oot 

orr) tLtz^ ^ft. mim»f^aMX'(r>:ffy^m&i^ 
■oV^tfi. xi = yi=3 0 cm^/m i ni: bSio 
[0093] :i^h(Om&MD 1 ~D 3 -Cfis ^ 

^ToTV ^-5, USS^ijD 1 Tiix2= 8 0 c m3 

/mirks 72=2 0 crti^/mi ris ||Jte^"jD 
2=4 0 cm^/m i y2= 1 0 cm^/m i 10 
^'JD 3 T'(ix2= 2 0c nfi/m i n. y2= 5 c m^/m 

1 n<7);tfP^j5mT\ ||2t^lMXgSr^To-Cl/^-5o 
[0 0 9 4] eUi(^4=(-J;o-c^$tufe^v^;^7^ 

2= 2 0 c m^/m i y2= 5 c m^/m i n t:^:^M 
*4Sij^jfeV^|?S£<5ilD3;J5 6 9%i:St)-!^'1' K;*-'^U:yv= 

[0 0 9 5] VJ,±i(D'^m^—'i'mm,<D'f~-!'^ii}f 20 
^2l=^j5!a:@(^iS(t^^2<Z)?g^;{f;=^-C(7>;^/;^ 
JigStts WF6;«/^<75;if;^i5feftx2i:. S i H4;ifxcO;y' 
;=^iSffiay2i; *^^:>1itc:-^tfTiffil:x2+ y^tK 3 0 c 
/mi nOT-t?*>5:ii:;SWl^L<. imc, (5(^X2 = 

2 0c m^/m i yz— 5 c m^/m i n h'f'^ i i: 

[0 0 9 6] *fc. m2tMMXm(c:*3tt5^2(^Zi,^ 
;ifx-C(7>WF6;y>>S.O^S i H4;«'^(^?5it*tt:x2 : 72*- 
ov^Tfi. JJELfcl^-r K;^7/^U2/-i^oefe^!i^Sr^5> 30 

3/lgX2/y2^4/l 

Srilfc-r (x2/y2=3 : 1~4 : 1) :ittm^l^ 

[0097] f£i6. m 1 +^i^^mT'C0;^><.gSa;4S x ^ 
= yi=3 0 cmVm i n. ||2fMMZS-ecO;yx?5^ 
X 2= 8 0 c m^/ mills y2=20c m-^/ m i 

lis f^imm.Tms(Xj^m2m^fisaMX(D:ity^sti*^ 40 

Pi=P2=4kPa (3 0Torr) <75^4=T-s Tis—jU 
ai$d = 0. 8 OMmtC><tL-Cs Jt^— /'l^0 = O. 23 
/zm iTy^-<i^ htt3. 5) S.tJ«(/) = 0. 17;Lim (T 
hit 4. 7) <D2fm.(D-!t-—McM\^Xmm(M 
(nmU^n^f:. t^^. 6 6 %&U« 5 4 

[0 0 9 8] *fcs m2mmimciiH'f^^:^mtip 
2 (kPa) ^cov^T^4s lii+M^;d::mi;^fc(t5lli 

m2(Oig-&;«/x^«>;^/x^E;^iP2i:Srs B§^L<i-5:ii: 50 
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[0 0 9 9] &ji(om^mcm^^. mimmjM 

(Nucl) ^s 
xi=3 0cm3/mi n 
y 1= 3 0 c m^/ m i n 
Pi=4kPa (30To r r) 
^2mmiM (Nuc 2) ^s 
X2= 2 0 c m^/m i n 
y 2= 5 c m"'/ m i n 
P2=4kPa (30To r r) 
^ly-y^'riyimxm. (VF) 
X3= 9 5c rc?/ m i n 
P3=12kPa (90Tor r) 

t utm^\!\x'mm:nox. <y^^^± (mo-cv 

[0 10 0] :L<Dt^^ iJ'aiyNtcKtt^nf::*— 
d=0. S^ms /U@<f) = 0. IS^/m^ TX^^? 
httS. OcDt-T{c:>tUXs 8 0%Ri:cO-i>-'r K;«;^<u- 

Ts Wj:^l^^^'rirfy yt^^^inX\>'^^Z.tt^ 

[0101] :*:^B^icJ;S^^^&S.0^B(4s ± 
IB L.fciei©i^muW^J}^ t3 <DX\-±tj: < s # 

fcs llI3l::*U7t#X@-ecO;tf;^»tt»^:«';^IE;'3[cov^ 
[0 102] 

V 1 <^M-^;{/x{c J; 1 ^MM^frofc^lCs ^ 2 

(Dmk:>f^ic^ i>m 2 mmL^'^ommmmmxm 

[0 10 3] m:i. ^fi¥s 

wmmmzjisu^x-^,. mw^b\.xmrfi^'y:f^ 
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[02] mmikmfr>-m^m:m~7^~f-^~- 

[04] ^^azXNfcJFM^ixfc*:— /K S-t;^*— /H^i-±t 
[06] |ll2^c^Lfc:^^B^«^:^c:j;5•^^'f K:*^^^ 

5. 
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1 0•••CVD$lifflIgP^ 2 -^-Y>^\ 
20—»Hr7°^. 2 1-h-i5', a -;?/;^^^. 30 

■■■:if^mmndm. si-wFe^^^mm. 32-s 

i H4;tf ;^#t^^^^ 3 3- -Ar;{fJ^#fef^.. 3 4 -H2;*^ 
10 3 5-;*^;^#fc?^p. 3 6-";«f;5^iN»iP. 3 7 

4— >-r[7— v.^ 4 1-PSI5, 4 3 

•■•-<— ^:/w—h (^) , 4 5- ••^^-i';^:?"^— h 
•••v-y =lVH7^y^^ 5 0- •->•;=' v--^—;^, 5i---|feS 



[1^1] 




[1112] 



START ) 



^ 100 



h-sioi -V 



-S102 g 
V 

—SI 03 



-S105 



50 



'S106 



[010] 
d=0.80 Uvo, 0 =0.1 7 jUfn 



54 



D1 



o 



11 



51 



D2 



II 



69 



D3 



(1 2) 



2002-146531 



IE13] 



[1114 1 



V— »(Soak) 
SMI:SiH4=yo{cm5/nnin) 
SA:po(kPa),ll$in:b(s9c) 



—SI 02 



3a«:WFe/SIH4=xi/yi(cm3;rnin) f-S104 
S A :pi(idPa}.^n:ti(sec) 



SR«:WF6/SiH4=X2/y2(cm3miin> S105 
£EA:p2(kPa}.Bitrni:t2(sec) 



gia:WF6=X3(cm3/mln) 
fiE:^:p3(kPa),D$IB]:t3(sec} 




106] 



[05] 



SihU 





^ 1CXJ 



V 



50 



d=0.80 jUm. 0 =0.25 iim 
100 

84 ^ 



89 



A1 



0 ' 'vr 
o 



A2 



A3 



If? 



^ 100 

^ 

X 50h 
V 



[071 



d=0.80 um, ^ =0.1 6 /im 



59 



BI 



57 



S"^ ID 



B3 



o BO Q C; CO 
1^ lis 



84 



A4 



Q- CO o D_ Q_ 



26 



B4 



csS 

IS 



(1 3) 



#M 2002-146531 



[HIS] 



[E19] 



WF63Us20crn^/rnin 




10 IS 20 25 
SIH49rE5 (cfTi3/min) 



30 



35 



5 

V 

V 

0 



d=0.80 jtim, ^ =0.23 um 



29 



CI 



z 



42 



30 



C2 



C3 



0 

C4 



Slo §w §^ 



(72)^e^# F^— ^(##) 4K030 AA04 AA06 AA16 M17 BA20 

=f^f;^fflTtT^7^14- Sif^q^Xiaai&F^ BA29 BA48 BB12 CA04 FAIO 

T^y^ K -^7" y T/UX JA06 KA04 LA15 

^^^:^ttrt 4M104 BB14 (XOl DD45 FF18 HH13 

(72)^0>^# iA^T 5F033 JJ18 JJ19 JJ28 JJ33 KKOl 

=FieiJ*HTtTSff^l4- 3if^¥Xl^i&rt NN06 NN07 PP03 PP04 PP09 

T-fy^ K -v-T^yr/l-X PP33 RR04 WW05 WW06 XX02 



